Calmodulin activates electron transfer through neuronal nitric-oxide synthase reductase domain by releasing an NADPH-dependent conformational lock.
Neuronal nitric-oxide synthase (nNOS) is activated by the Ca(2+)-dependent binding of calmodulin (CaM) to a characteristic polypeptide linker connecting the oxygenase and reductase domains. Calmodulin binding also activates the reductase domain of the enzyme, increasing the rate of reduction of external electron acceptors such as cytochrome c. Several unusual structural features appear to control this activation mechanism, including an autoinhibitory loop, a C-terminal extension, and kinase-dependent phosphorylation sites. Pre-steady state reduction and oxidation time courses for the nNOS reductase domain indicate that CaM binding triggers NADP(+) release, which may exert control over steady-state turnover. In addition, the second order rate constant for cytochrome c reduction in the absence of CaM was found to be highly dependent on the presence of NADPH. It appears that NADPH induces a conformational change in the nNOS reductase domain, restricting access to the FMN by external electron acceptors. CaM binding reverses this effect, causing a 30-fold increase in the second order rate constant. The results show a startling interplay between the two ligands, which both exert control over the conformation of the domain to influence its electron transfer properties. In the full-length enzyme, NADPH binding will probably close the conformational lock in vivo, preventing electron transfer to the oxygenase domain and the resultant stimulation of nitric oxide synthesis.